The infectious agent of inclusion blennorrhoea was seen by fluorescence microscopy as a particle of deoxyribonucleic acid (DNA) 0.2 p diam.
INTRODUCTION
The total number of particles/inclusion seen in Giemsa stained preparations of HeLa cells infected with inclusion blennorrhoea virus exceeds the number of infectious units/inclusion, suggesting that only a proportion of these particles are infectious (Furness & Fraser, 1962) . Both ribonucleic acid (RNA and deoxyribonucleic acid (DNA) particles are seen in the inclusion found in human amnion and synovial cells infected with trachoma virus (Pollard, Starr, Tanami & Moore, 1960) . In the present study, the formation of RNA and DNA particles in HeLa cells infected with inclusion blennorrhoea virus was observed by fluorescence microscopy and their relationship to infectivity determined.
METHODS

Infection of HeLa cell monolayers.
The methods used to assay the LB1 strain of inclusion blennorrhoea virus in HeLa cell monolayers and to obtain one-step growth curves have been described Furness & Fraser, 1962) . Monolayers required for staining were infected by the same method. The monolayers on coverslips in Leighton tubes were covered with 0.25 ml. tissue culture medium and inoculated with 0.1 ml. of a suitable virus suspension which was allowed to adsorb for 2 hr. a t 30°. They were then freed from unadsorbed virus by washing with phosphate buffered saline (Dulbecco & Vogt, 1954) , covered with 2 ml. medium and incubated a t 37'. Sample monolayers were removed at intervals for staining and for the assay of intracellular infectious units. Some microscopic appearances were more easily studied in heavily infected monolayers inoculated with a virus suspension containing 2 -4 infectious units/cell. When it was desired to infect cells with a single infectious unit, a diluted suspension which infected less than 5 yo of the cells was used.
Acridine orange staining. The cell monolayers were washed in phosphate buffer (pH 6.8; G. T. Gurr Ltd., London) fixed in Carnoy's fluid for 10 min., rinsed in ethanol and washed in acetate buffer pH3.0 (N-sodium acetate, 100 ml; N-HCI 99.5 ml.; water, 300.5 ml,). They were stained in 0.5 yo (w/v) acridine orange (Imperial Chemical Industries stain R. 150) in acetate buffer (pH 3.0) for 30 min., washed for 30 min. in three changes of acetate buffer (pH 3.0) and sealed in acetate buffer (pH 3.0) with a mixture of beeswax and colophonium.
Fluorescewe microscopy. A monocular microscope with apochromatic lenses was mounted horizontally and illuminated by a 250 watt high-pressure mercury vapour lamp of the Metro Vickers glass envelope type, the light being concentrated by a collecting lens and an Abbk condenser. The Wratten exciting filter No. 50 (Kodak Ltd.) was protected by a heat absorbing filter. Observations were made with a Watson oil immersion lens N.A. 1.87 and x 10 ocular containing a minus blue barrier filter (Ilford Ltd.) . With these filters, ribonucleic acid (RNA) appeared orange and deoxyribonucleic acid (DNA) green. The magnification was x 950. Measurements were made with x 10 and x 17 micrometer oculars.
8peci;ficity of acridine orange stain. To confirm the specificity of the acridine orange stain for both cell and viral RNA and DNA, uninfected and infected monolayers were stained and compared with replicate monolayers in which the RNA and DNA had been digested with ribonuclease (RNase) and deoxyribonuclease (DNase ) before staining. Aqueous stock solutions, 0.1 yo (w/v) (Collier, 1961) . Staining of virus suspension. Virus was released from the inclusions, 72 hr. after infection of the cells, by ultrasonic vibrations (Furness & Fraser, 1962) . Smears were prepared on coverslips, air dried, fixed in Carnoy's fluid for 10 min. and stained with acridine orange. Large numbers of DNA particles were seen similar in size to those in inclusions. No RNA particles were identifiable.
RESULTS
Identijcation of cell and viral
Adsorption of inactivated and infective virus by HeLa cells. Since virus suspensions contained both infectious and non-infectious particles, the adsorption of both infective and inactivated virus to HeLa cell monolayers was investigated. Inclusion blennorrhoea virus was completely inactivated in 10-15 min. at 56'; at 4', 99 yo became non-infective in 14 days (Fig. 1) . To ascertain whether the temperature used for inactivation affected adsorption of the particles, monolayers were inoculated with 0.1 ml. of a virus suspension reduced in infectivity by holding for 14 days at 4' and with the same suspension heated for 10-15 min. a t 56'.
After adsorption of the inactivated virus for 2 hr. a t 30°, the cells were well washed, covered with 2 ml. medium and incubated at 37". At intervals monolayers were stained and examined. There was no significant difference in the results after inactivation at the two temperatures ( Forrnatim of RNA, D N A and infectious D N A particles in infected HeLa cells. The viral RNA stained a different shade of orange from that in the cell cytoplasm, so that even small viral RNA particles could be distinguished from the cell cytoplasm. In heavily infected monolayers inoculatedwith 2-4 infectious units/cell, a single cluster of RNA particles about 0 . 5~ diam. was seen adjacent to the cell nucleus at 3 hr. Monolayers were inoculated with dilutions of virus suspensions and the RNA particles in the inclusions counted after 9 hr. incubation at 37O, when the particles were readily identified. The number of RNA particles was proportional to the Replication of inclusion blennorrhoea virus 575 dilution of the inoculum ( Table 2 ). In cells estimated to have adsorbed 1.8 infectious particles from the inoculum there was an average of 1.4 RNA particles/ inclusion suggesting that each infectious particle was the precursor of one RNA * From titration of original suspension, estimated number of infectious units adsorbed from undiluted inoculum 1+3/cell, so that a t 1/10 dilution about 20% cells were infected with one infectious particle.
particle which was not infectious (Fig. 2) . This was confirmed by examining every 2 hr. monolayers in which less than 5 yo of the cells were infected with a single infectious particle. With a single exception, the inclusions contained only one RNA
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particle which increased in size without any evidence of binary fission, reaching a maximum between 2 7 3 0 hr. Thereafter the amount of RNA decreased. I" particles, about 0-2 ,U diam. were first observed in the inclusions a t 21 hr. but treatment of the earliest RNA particles with RNase revealed a DNA core which increased in proportion to the RNA during the development of the inclusion. The relation between RNA and DNA particles and infectious units found is summarized in Fig. 2 The formation of inclusion bodies. When first detected the RNA particles were surrounded by cell cytoplasm. By 10-15 hr. the cytoplasm immediately around the particles had dissolved leaving the particles often arranged round the periphery of the clear area which enlarged to form the typical cytoplasmic inclusion body adjacent to the cell nucleus. At all stages inclusion bodies unaccountably varied greatly in size.
Glycogen. Although glycogen has been detected in inclusion bodies in HeLa cells infected with this strain of inclusion blennorrhoea virus (Furness, Graham, Reeve & Collier, 1960) it was not found in the present work within 72 hr. of infection.
DISCUSSION
The stages in the replication of inclusion blennorrhoea virus in HeLa cells infected with several infectious particles are given schematically in Fig. 3u-c. ( a ) After the adsorption of both infective and inactivated virus, DNA particles, 0 . 2 ,~ diam. are distributed a t random on the HeLa cells. It is probable that the particles lie within the cells which are known to be phagocytic but this was not demonstrable. Most of the infectious particles disappear immediately after adsorption, i.e. during the adsorption period and at this stage there is no evidence of any gross cellular abnormality. ( b ) At 3 hr. a single cluster of RNA particles 0 . 5 ,~ diam. appears in the cytoplasm near the nucleus of each cell. ( c ) These RNA particles do not divide but enlarge, arrange themselves in a ring similar to that seen in Giemsa stained preparations of chick embryo cell cultures infected with trachoma virus (Gordon, Quan & Trimmer, 1960) and then seem to coalesce. At the same time, the cell cytoplasm gradually dissolves leaving the particles within a vacuole which increases in size to form the distinctive cytoplasmic inclusion body. ( d ) By 21 hr. DNA particles are also seen within the inclusion body and are presumably released from within the RNA which reaches its maximum between 27-30 hr. The appearance of DNA particles roughly coincides with the detection of infective virus (e) Only an occasional RNA particle 0 . 5~ diam. and many DNA particles are found in the inclusion bodies a t 66-72 hr. From these results we tentatively conclude that the infectious unit is a single DNA particle which is the precursor of the one RNA particle seen in the cytoplasm of cells infected with a single infectious unit.
Treatment of the particles with RNase and DNase shows that the RNA particle contains a DNA core, and the DNA particle is covered with a substance which contains RNA but not enough to be visible by its fluorescence. Although the possibility that the enzyme preparations contained effective enzymes other than the two nucleases cannot be excluded, one possible interpretation of the results is that the RNA particle is an enlarged DNA particle, in which the RNA has increased sufficiently to be detectable.
Similar stages in the growth of the related organisms of the psittacosis-lymphogranuloma group were first described for psittacosis virus by Bedson, and his coworkers (Bedson, 1933; Bedson & Bland, 1932 ,1934 Bland & Canti, 1935) and their reports have been amply confirmed by other authors. It was generally believed that the virus remained at least partially infective throughout the growth cycle; though Girardi, Allen & Sigel (1952) concluded that psittacosis virus underwent a noninfective phase. Our observations are consistent with this conclusion. Other animal viruses so far investigated in this way have proved to lose their infectivity and their original structure during the eclipse phase, their nucleic acids being dispersed in the host cell. Inclusion blennorrhoea virus qualifies for classification as a typical animal virus in that it has a non-infective phase, during the first 3 hr. of which it also became undetectable by the available techniques. Nevertheless, the effective part of the virus material from each particle appears to migrate to a single site near the nucleus, suggesting that during the eclipse, the infective material continues to exist as a discrete particle. By itself, this difference does not, in our view, at present constitute a very cogent reason for excluding the agent of inclusion blennorrhoea from the class of animal viruses, particularly since, for many of the animal viruses, the dispersal of viral nucleic acids during the eclipse phase of replication has been assumed by analogy with those for which dispersal has been proved.
